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Abstract
   This paper is a call to raise awareness of how teachers can adjust their teaching materials in such 
a way as to enable all students to access them equally. Statistics reveal that there could be two or 
possibly three students with color vision deficiency (CVD) in a class of 40 at a male-dominant 
school in Japan, where CVD exists among some 5% of males and 0.2% of females. The Japanese 
government abolished the color vision test from the annual physical examination at primary 
schools in 2003 on the premise that most CVD pupils did not find their lives difficult to live. As a 
result, schoolteachers became indifferent to the students’ challenges and branded them rebellious 
and/or learning disabled. Many published teaching and learning materials of late are color-coded, 
and the creators of these and classroom teachers seem oblivious to the fact that they may be 
putting stress on CVD students’ learning. It cannot be denied, however, that the great majority of 
students do benefit from color-coding. Therefore, rather than discourage the use of colors in 
teaching, this paper will offer suggestions for easy measures to improve the learning environments 
for both CVD and non-CVD students, by creating, which may be called, “color barrier-free visuals.”
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Introduction
 Whether the teacher is aware or not, there are, 
according to statistics [1], at least two students with 
color vision deficiency in a class of 40, at a male-
dominant school in Japan, as color vision deficiency is 
present in 5% of Oriental males and 0.2% of females 
[1-3].
 The two acronyms in the title need explanation at 
the outset of this paper. 
 “Color vision deficiency,” known for many years as 
“color blindness,” is shortened to “CVD.” One must 
be aware that “blindness” is not an accurate term, as 
individuals with CVD simply see colors differently than 
the majority of the population, and they are not “blind.” 
Newer expressions are “color vision variation” and 
“color vision diversity,” [4] but these have a tendency to 
be associated with non-human vertebrates such as apes 
and even fish. Although it is suspected that differences 
in color vision perception is really something similar 
to differences in blood types (therefore not fit to be 
discussed in terms of superiority or inferiority) and 
that there is a positive reason why it has not been 
eliminated in the course of human evolution [5, 6], “CVD” 
will be used throughout this paper, for lack of a better 
term.
 “YMMV” is an internet jargon which stands for 
“your mileage may vary,” used as a disclaimer [7], “for 
example on social media and in text messages and 
emails, to mean that you understand people may have 
a different opinion or experience to yours.” [8] Any 
deficiency is manifested in different types and degrees 
in each individual concerned. It is not one-size-fits-all, 
and CVD is no exception.
CVD as Invisible Physical Handicap
 The color vision of human beings is regulated by 
the cone cells in the retina of the eyes, which are color 
receptors, and the processing of the information in the 
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brain [9]. Human beings typically have three types of 
cone cells, red, green and blue pigments, respectively, 
one or more of which can manifest weaker functions 
than normal, leading to one of the four kinds of CVD. 
Figures 1 - 3 present how colors are perceived by 
individuals with regular color vision, with weak red 
cone (Type I CVD) and with weak green cone (Type 
II CVD) [1]. Types I and II occupy more than 99% of 
all CVD; Type III CVD which is due to the weak blue 
cone is less than 0.02%. Also very rare is when two 
of the cones are weak. In this case the individual sees 
black and white and no colors [1, 10].
 From these figures one understands that colors that 
look quite different to people with regular color vision 
may appear similar to CVD individuals (e.g., sky blue 
and pink), and conversely, those that are considered 
belonging in the same color family can look quite 
different to CVD individuals (e.g., light green and pale 
green). The names of colors, in fact, do not carry much 
significance in distinguishing between hues. It is true 
that the above examples are simulated interpretation 
of colors by different types of color vision perception, 
therefore one may not actually know how others are 
“seeing” colors, but it is worth noting that the authors 
of [1] and [10] are both researchers with strong Type I 
CVD.
 As mentioned above, CVD is unquestionably not 
rare at all. Five percent of the population, as a matter 
of fact, is as many as the number of people with 
blood type AB in Japan. Aside from Orientals, 8% of 
Caucasian males and 0.5% of females are characterized 
by having CVD [11]. Also are 10% of French and 
Northern Scandinavian males and 0.5% of females, and 
2 - 4 % of all Africans [1].  
 Compared to other physical handicaps that are 
conspicuous on a university campus for instance, where 
students can be seen in wheelchairs, with hearing aids, 
and with guide dogs, CVD is unseen, but is undeniably 
present. It can, then, be described as “invisible physical 
handicap.” 
 At this point one is tempted to ask why CVD is not 
very often spoken about if it is not a rare occasion. The 
major reason seems to be that CVD is still considered 
stigmatizing in the Japanese society, therefore those 
involved do not often speak out. It is based on the 
fact that CVD is hereditary, it cannot be cured, and 
some occupations reject the application of CVD 
individuals [3], although the understanding of CVD has 
of late progressed in schools and workplaces, and all 
discrimination has ceased on paper [12, 13].
 The mandatory administration of color vision tests 
in Japanese elementary schools was introduced in 
1958. It was decided in 1994 to be given at the 4th-
grade pupils’ annual physical examination but was 
abolished from the physical in 2003. The premise was 
that the “sufferers” of CVD did not find their daily 
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Figure 1. Regular cone vision
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Figure 2. Type I CVD (weak red cone)
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Figure 3. Type II CVD (weak green cone)
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lives particularly hard to live and abolishing the test 
would limit the discrimination against CVD. Without 
the test, many of the CVD pupils grew up without 
knowing that they had different color vision perception 
than others, as their lives were the only reality they 
knew and since more than half of the CVD students’ 
symptoms are only mild, they were able to cope [2, 3, 
14, 15]. Without the information about their students’ 
conditions, the teachers became indifferent to and 
ignorant about CVD, and often concluded the students 
being dense, rebellious, and/or learning disabled when 
they displayed difficulty with colors [3, 16].
 Thirteen years later, in 2015, the pupils who were in 
the 4th grade in 2003 were now seniors in college, who, 
in Japan, commence job search all at the same time. A 
number of CVD students (many of whom did not even 
know they had CVD) encountered difficulty securing 
preferred work, because of the nature of the work and/
or social prejudice [2, 17]. The Ministry of Education, 
Culture, Sports, Science and Technology hastily 
restored the color vision test in 2016 [18]. At this time 
the test was only optional; the Ministry suggested to 
the elementary schools to advise the parents that the 
color vision test is available if they choose for their 
children to take it.
Efforts for Color Vision Correction
 Efforts have been made to assist CDV individuals to 
attain “normal” color vision perception. These include 
the development of color vision correction glasses [19, 
20]. They function by balancing the strengths of the 
three cones, and do help CDV individuals see colors in 
bright light. Each pair of these glasses is customized 
to the user’s particular deficiency. Many users 
experience darkening of the vision, as the balancing 
of the strengths of the three cones is achieved by 
lowering the strengths of two properly functioning 
cones [20]. The glasses are tinted or resemble mirrored 
sunglasses, which may not be welcome in schools or at 
workplaces. They are therefore not a universal solution 
in Japan.
 Another method makes use of gene therapy, in 
which the missing pigment is inserted into the eyes. 
So far research has only been done with naturally red-
green deficient squirrel monkeys as subjects and the 
effect is not long-lasting, however [21]. All in all, the 
fact still remains that CVD cannot be cured.
Color Barrier-Free Visuals
 With the curing of CVD not attainable, the teacher 
is responsible for making school education more 
accessible to students with or without vision correction 
glasses, and also for students with regular color vision 
perception. The following is an example of how visual 
aids in the classroom can be adopted. (For general 
guidelines on the production and uses of visuals for 
CVD individuals, refer to [1, 10, 22, 23].)
To emphasize parts of a text:
 The emphasis to be made in the visual aids materials 
must not be color-dependent. Table 1 shows the points 
and examples.
Table 1
Guidelines and Examples of Color Barrier-Free Emphasis
Bigger Pay attention to this picture.
Underline
Pay attention to this picture.
(Double underlines [ picture ] and wavy  
underlines [ picture ] are also viable options.)
Bold Pay attention to this picture.
Different font Pay attention to this picture.
Widen Pay attention to this p i c t u r e.
Borders Pay attention to this picture .
Color magenta Pay attention to this picture.(Use the color on white background.)
Combine  
(Some or all 
of the above 
suggestions can 
be combined.)
Pay attention to this 
p i c t u r e .
 The color magenta, which, on the RGB (red-green-
blue) color spectrum, is expressed as R255, G0, B255, 
can be used in place of red, as it is visible very clearly 
to all color vision types of students. It is easy for CVD 
students to see because it contains the maximum 
amount of the element of blue (the number 255 is the 
maximum in the RGB color spectrum), which stands 
out brightly for CVD individuals [1, 22], and for regular 
vision students too because it contains the maximum 
amount of the element of red, the color to attract 
attention.
4 Atsuko Marie JEFFREYS （February 2020）
Text on Blackboards and Whiteboards
 For CVD students, red chalk on blackboards is 
nearly invisible; the teacher is recommended to use 
vermillion (R227, G66, B52) instead, if he/she must use 
a reddish color. If possible, the use of only white and 
yellow chalk is highly advisable. CVD students find it 
difficult to distinguish between black, green and red 
markers on whiteboards, therefore it is suggested that 
teachers write with only blue and bright red markers 
[10]. The reader will see in Figure 4 how different color 
texts on different color backgrounds are easily visible 
or nearly invisible to CVD individuals [1].
Graphs:
 It goes without saying that the lines, bars, and 
pie sections in graphs should not rely only on color 
distinctions to separate each other. Even when the 
graph has to be color-coded, there should not be a 
color-dependent legend set apart from the graph 
itself, as there are multiple colors that can look similar 
(black / yellow)
(dark green / light green)
(white / black)
(blue / yellow)
(black / red)
(red / dark blue)
(red / black)
(sky blue / yellow)
(green / brown)
(green / red)
Easy Difficult
Figure 4. Examples of text and background combinations
Figure 5.  Comparison of line graphs for CVD and non-CVD indi-
viduals [1, 10]
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Figure 6.  Comparison of bar graphs for CVD and non-CVD indi-
viduals [24]
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to one another for CVD individuals. The makers of 
graphs must directly indicate on the lines, bars, or pie 
sections what they refer to. One must also differentiate 
the types of lines (e.g., thick, dotted, and/or broken 
lines), draw borders around sections, insert shades and 
patterns inside, or draw black or white lines between 
sections to clearly separate them. The addition of 
these extra information besides colors alone is called 
“redundancy,” which helps CVD individuals interpret 
the graphs more accurately and efficiently. Figures 
5 and 6 are samples of graphs made “redundant” by 
inserting textures, patterns and the text itself on the 
lines and bars.
Color Combinations to Avoid
 Students with CVD find the following combination of 
colors difficult to distinguish [25]. 
 The colors above happen to be those of highlighters. 
The colors that are commonly used to mark emphasis 
in learning materials proving problematic to CVD 
students is quite an irony. The fluorescent version of 
these colors, that are especially used for highlighters, 
are difficult to distinguish.
 The following colors are regularly used to draw 
attention. Again, the reader will see that the missing 
of the red or green elements makes the two color 
components quite similar.
 It would make sense, therefore, not to rely on these 
color combinations in one’s teaching materials in 
making any comparisons and contrasts.
Conclusion
 This paper has thus far made a brief overview of 
the challenge that students with CVD face when they 
study at school and when they search for work. As the 
society transitions towards more equal opportunities, 
it is expected that schools be more open to differences, 
although CVD remains fairly hidden. With a small 
revision to the teaching materials, an environment can 
be achieved where both CVD and non-CVD students 
can make use of all the educational resources fully. It 
is the responsibility of us classroom teachers to realize 
the task.
Yellow
(R255, G192, B203)
Yellow green
(R157, G204, B224)
Pink
(R255, G192, B203)
Light blue
(R157, G204, B224)
Dark red
(R128, G0, B0)
Black
(R0, G0, B0)
Blue
(R0, G0, B255)
Purple
(R196, G0, B204)
Orange
(R255, G165, B0)
Green
(R0, G128, B0)
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